This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARX PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Europaisches Patentamt 
European Patent Office 
Office europ<§en des brevets 



© Publication number: 



0 053 483 

A2 



EUROPEAN PATENT APPLICATION 



@ Application number: 81305591 .0 
@ Date of filing: 26.11.81 



® mt. ci.': G 02 B 7/26 



Priority: 28.11.80 JP 166686/80 
2&11.80 JP 166687/80 



Date of publication of application: 09.06.82 
Bulletin 82/23 



@ Designated Contracting States: DE FR GB 



© Applicant: TOKYO SHIBAURA DENKI KABUSHIKJ 
KAISHA, 72, Horikawa-cho Salwai-ku, KawasaW-sW 
Kanagawa-ken 210 (JP) 



@ Inventor: Kataglrl, Shuhel, 2-1 2-1-706, Mlnaml-Ool 
Shlnagawa-ku, Tokyo (JP) 

Inventor: Donuma, Ken Ichl, 2-4-19, Higashikoshlgaya 

Koshlgaya-shl, Saltama-ken (JP) 

Inventor: Ohashl, Makoto, 

110 MiyazaWdal-Greenhelghts 1-13-7, Mh/azakl, 

Takatsu-ku KawasaW-shI (JP) 



© Representative : Freed, Arthur Woolf et al, MARKS & 
CLERK 57-60 Lincoln's Inn Raids, London WC2A 3LS 
(GB) 



< 

CO 

s 

o 
in 



@ Method for manufacturing a module for a fiber optic link. 

@ In a method for manufacturing a module for a fiber optic 
link, a plate-shaped transparent circuit unit (24) is molded *rn 
advance. The circuit module (24) is transfer molded together 
with an optoelectronic element (30) connected to leads (28-2). 
The circuit module (24) is clamped betweeen a pair of rod- 
shaped first dies (42, 44) which have a common central axis 
and one of which defines an optical path of the module, in such 
a manner that the optoelectronic element (30) is located on a 
central axis of the circuit module (24). Under this condition, the 
circuit module (24) is housed in a cavity defined by a pair of se- 
cond dies (46, 48). A light-shielding molding material is inject* 
ed into the cavity for injection molding to mold a case (20). Af- 
ter the case (20) is cured, the first and second dies (42, 44, 46, 
48) are removed, and the hole of the case (20) formed by one 
of the first die (44) is closed with a cap to complete a recepta- 
cle. 
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Method for manufacturing a module 
for a fiber optic link __ 

The present invention relates to a method for 
manufacturing a module for a fiber optic link and, more 
particularly, to a method for manufacturing a transmitter 
and receiver module for a fiber optic link. 

In a fiber optic link useful, an optical signal 
generated in a transmission module is guided to an 
optical fiber cable, is transmitted through the fiber 
cable, and is detected in a receiver module to be 
converted into an electric signal. In a fiber optic 
link of this type, optical communication between the 
fiber cable and the receiver and transmitter modules, 
that is, the modules, is important. In other words, it 
is required that the optical axis of an optoelectronic 
element in a module, that is, a photodiode in the 
receiver module or an LED (Light Emitting Diode) in the 
transmitter module, be aligned with the optical axis 
at the end face of the optical fiber of the fiber cable 
in a precise manner, for example, within an error 
allowance of several to several tens of microns. In a 
conventional fiber optic link, an LED or photodiode as 
a single component -is assembled in the transmitter 
module or in the receiver module. For this reason, the 
alignment of these electrical components and the optical 
fiber is not easy, and it is difficult to satisfactorily 
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improve the light transmitting efficiency. 

It is an object of the present' invention to provide 
a method for manufacturing a module for a fiber optic 
link wherein an optical axis at the end face of an 
optical fiber may be aligned with an optical axis of an . 
optoelectronic element in the module with high precisic* 
by simply mounting the optical fiber cable. /' 

It is another object of the present invention, to 
provxde a method for manufacturing a module for a 'fiber 
optic link suitable for mass production. 

In order to achieve the above and other ends, the 
present invention provides a method for manufacturing a 
module for a fiber optic link comprising the steps of- 
transfer molding a transparent first member which 
has a predetermined shape, in which is embedded an 
optoelectronic element, and which is electrically con- 
nected to leads extending outwardly therefrom; 

clamping said first member between a pair of first 
dies of rod shape which have a common central axis and 
one of which defines an optical path in the module, so 
that said optoelectronic element of said first member is 
positioned on said central axis; 

injection molding a second mmeber by positioning 
said first member clamped by said first dies in a 
cavity of second dies conforming to an outer shape of 
said second member, and injecting a light-shielding 
molding material in said cavity; and 

removing said first and second dies and covering, 
with a cap, a hole of said second member formed by the 
other of said first dies. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a perspective view showing a fiber optic 
link including a module according to one embodiment of 
the present invention; 

Fig. 2 is a partially cut away perspective view 
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showing the connector shown in Fig, 1; 

Fig. 3 is a partially sectional view showing the 
module and the connector shown in Fig. 1 under the 
coupled condition; 

Fig. 4 is a perspective view showing the internal 
structure of the circuit unit shown in Fig. 3; 

Fig. 5 is a plan view showing a frame for manu- 
facturing the circuit unit shown in Fig. 3; 

Fig. 6 is a sectional view showing dies used for 
inserting the circuit unit shown in Fig. 3 into the 
module; 

Fig. 7 is a sectional view showing the structure 
of a. module according to another embodiment of the 
present invention; 

Fig. 8 is a view showing die rods for manufacturing 
the module shown in Fig. 7; 

Fig. 9 is a sectional view showing the structure 
of a module according to still another embodiment of the 
present invention; and 

Fig. 10 is a sectional view showing die rods for 
manufacturing the module shown in Fig. 9. 

Fig. 1 shows the receiver side of a fiber optic 
link. The receiver side includes an optical fiber 
cable 2, a connector 4 fixed to one end of the fiber 
cable 2, and a module (receiver module) 6 to which is 
mounted the connector 4. Although not shown, the 
transmitter side of the fiber optic link is of substan- 
tially the same structure as that of the receiver side. 
The internal structure of the module is also the same 
for both the transmitter and receiver sides except for 
the circuit elements and the optoelectronic element 
assembled in each module. Therefore, although the 
description will be made only with reference to the 
module, it is to be understood that the module refers 
both to the receiver module and the transmitter module. 

The optical fiber cable 2 is obtained in a generally 
known method by covering a glass or plastic optical 



0053483 

fiber 8 comprising of a core and a cladding with a 
flexible light-shielding material. The connector 4 is 
manufactured by injection molding. As shown in Fig. 2, 
the optical fiber cable 2 is fixed to a fixing section 
10 of the connector 4. The optical fiber cable 2 
further extends inside a cylindrical rigid plug 14 
coaxially projecting from the fixing section 10 and 
terminates at the front end of the plug 14. A snap 
piece 16 is arranged inside a knurled section 12. a 
cylindrical socket 18 projects from a main body case 20 
to correspond with the cylindrical rigid plug 14. The 
inner diameter of the socket 18 is set to be substantially 
equal to or slightly greater than the outer diameter of 
the plug 14. The outer diameter of the socket 18 is 
also set to be slightly greater than a distance between 
projections of the snap piece 16 facing each other. As 
shown in Fig. 3, a stepped section 22 is formed at the 
socket 18 so as to engage with the snap piece of the 
connector 4 when the connector 4 is mounted to the 
socket 18. The hole 19 of the socket 18 in which is 
inserted the plug 14 communicates with a space 23 which 
extends inside the main body case 20 and which houses 
a circuit unit 24. As will be described later, the 
receiver module 6 is manufactured by injection molding 
as in the case of the connector 4. In contrast with 
this, the circuit unit 24 is manufactured by transfer 
molding. The receiver module 6 and the connector 4 are 
made of a light-shielding material which does not 
transmit light, while the circuit unit 24 is made of 
a transparent resin. As shown in Fig. 4, within the 
circuit unit 24 are embedded five Ag-plated lead 
frames 26-1, 26-2, 26-3, 26-4 and 26-5. The lead frame 
26-5 extends to and terminates at one side of the unit 24, 
while the other lead frames 26-1, 26-2, 26-3 and 26-4 
extend to the outside the unit 2 4 at the other side and 
terminate into pins 28-1, 28-2 , 28-3 and 2 8-4. On the 
lead frame 26-1 is mounted through a conductive paste an 
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optoelectronic element 30 , an LED pellet in the case of 
the transmitter module and a photodiode in the case of 
the receiver module. On the lead frame 26-2 is mounted 
through a conductive paste a transducer circuit element 
5 corresponding to the optoelectronic element 30, that is, 
an IC chip 32 in which a circuit, for example, an 
amplifier , a comparator and related components or a 
driver circuit is formed. The bonding pads of the 
optoelectronic element 30, the IC chip 32 and the lead 

10 frames 26-1, 26-2, 26-3, 26-4, and 26-5 are electrically 
connected through gold bonding wires 34. The optoelec- 
tronic element 30 is embedded at a predetermined 
position of the unit 24 so that the optoelectronic 
element 30 opposes at a distance the hole 19 of the 

15 socket 18 and is aligned with the central axis of the 

hole 19, when the end of the circuit unit 24 is mounted 
within the main body case 20. A convex lens segment 36 
is formed at the region of the unit 24 where the optp^ 
electronic element 30 is embedded, as shown in Fig. 3. 

20 The method for manufacturing the module 6 as 

described above will now be described. Prior to the 
formation of the circuit unit 24, a copper plate is 
punched into a desired shape and is Ag-plated to provide 
a frame 40 as shown in Fig. 5. Next, the IC chip 32 

25 and the optoelectronic element 30, that is, the LED or 
the photodiode, are mounted on the lead frames 26-1 
and 26-2 with a conductive paste to be electrically 
connected thereto. The optoelectronic element 30 is 
connected to the lead frame 26-5 with a gold bonding 

30 wire having a diameter of 25 ym. The bonding pads of 
the IC chip 32 are respectively connected to the lead 
frames 26-2, 26-3, 26-4, and 26-5 with the bonding 
wires. The frame 40 with the IC chip 32 and the opto- 
electric element 30 is mounted in a pair of dies (not 

35 shown) having a cavity of a predetermined contour. 

Into, this cavity defined by these dies is transferred 
a transparent thermosetting resin, for example, a 
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transparent thermosetting epoxy resin MP-8500 manufactured 
by Nitto Denshi-kogyo K.K., under certain conditions, . 
for example , at a temperature of 160 C and a pressure 
of 30 kg/cm . After curing, the unit 24 as shown in 
Pig. 3 is transfer molded. 

The unit 24 obtained by the transfer molding in 
this manner is embeded in the case 20 which is obtained 
by injection molding. The unit 24 is clamped between 
a first die rod 42 and a second die rod 44. The first 
die rod 42 has an outer diameter substantially equal to 
the inner diameter of the hole 19 and has, at its front 
end, a recess conforming to the shape of the front part 
of the unit 24, as shown in Fig. 6. When the unit 24 is 
clamped between the pair of die rods 42 and 44 , the 
optical axis of the optoelectric element 30 and the lens 
segment 36 is aligned with the central , axis of the die 
42. Under this condition, a pair of dies 46 and 48 are 
attached to define therebetween a cavity 50, which 
corresponds to the shape of the case 20. The die rods 
42 and 44 and the dies 46 and 48 are kept at a temper- 
ature lower than a constant temperature, for example, 
80 °C. Into this cavity is injected a black thermosetting 
epoxy resin EME-155F manufactured by Sumitomo Bakelite 
K.K. under certain condition, for example, at a temper- 
ature of 165°C and a pressure of 80 kg/cm 2 . When the 
resin is cured, the die rods 42 and 44 are removed and 
the dies 46 and 48 are withdrawn. A cap 52 for shielding 
light from outside is covered over the hole 23 formed in 
the case 20 to complete the module as shown in Figs. 1 
and 3. According to this manufacturing method, since 
the optical axis of the optoelectronic element 30 and 
the lens segment 36 of the unit 24 is aligned with the 
central axis of the die rod 42 in advance, the optoelec- 
tronic element 30 and the lens segment 36 are correctly 
aligned with the hole 19 of the socket 18 and the case 20 
of the completed module 6 . 

In the embodiment described above, the unit 24 is 
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obtained by transfer molding. Therefore, during the 
manufacture of the unit 24, the bonding wires 34 may 
not be disconnected with the material to be transfer 
molded, and the optoelectronic element 3 0 and the IC chip 
32 may not be distorted very much. In contrast with 
this, the case 20 is obtained by injection molding. 
Therefore, the case 20 is manufactured with high preci- 
sion, so that the abrasion resistance and mechanical 
strength of the case may be improved. Furthermore, 
according to the injection molding process, the curing 
time of the molding material can be shortened. Therefore 
even when the die rod 42 as shown in Fig. 6 is used, the 
introduction of the molding material into a space 
between the surface of the lens segment 36 of the 
module 24 and the front end surface of the die rod 42 
may be prevented and the covering of the surface of the 
lens segment 36 with the light-shielding material may be 
prevented . 

In the embodiment described above, the module 6 may 
be made small in size, and the time required for manu- 
facturing it may be shortened. Moreover, since the 
central axis of the hole 19 of the module 6 is correctly 
aligned with the optical axis of the optoelectronic 
element 30 and the lens segment 36, the fiber cable 2 
may be correctly optically coupled with the optoelectroni 
element 30 by only coupling the fiber cable 2 with the 
module 6 through the connector 4. 

In the embodiment shown in Fig. 3, the end of the 
unit 24 is embedded in the case 20. However, as shown 
in Fig. 7, it is preferable that the unit 24 be formed 
in the space or hole 23 at a distance from the inner 
surface of the case 20, depending upon the molding 
conditions of the case 20. If part of the surface of 
the unit 24 is brought into contact with the molding 
material for injection molding as in the case of Fig. 3, 
the surface of the unit 24 may be subjected to a high 
temperature and a high pressure during injection molding, 
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and the unit 24 may be damaged by the mechanical force 
or heat and the characteristics may change. In order to 
solve this problem, it is preferable to use the die rods 
42 and 44 to manufacture the module 6 of the structure 
as shown in Fig. 7. As shown in Fig. 8, the die rod 42 
has a recess which receives not only the front end 
surface but the front part of the unit 24, and the die 
rod 44 has a recess which receives the rear part of the 
unit 24. The case 20 is injection molded under the 
condition that the unit 24 is positioned in the cavity 
defined by these die rods 42 and 44. In this case, 
even when the unit 24 is subjected to the mechanical 
force or heat during injection molding, the unit 24 is 
protected by the die rods 42 and 44, and the IC chip 32 
and the optoelectronic element 30 are protected. 

In the embodiment shown in Fig. 7, the transparent 
unit 24 is supported in the case 20 by the lead frame 
to maintain a distance between the module 24 and the 
case 20. Alternatively , as shown in Fig. 9, a ring- 
shaped spacer 54 of a heat-insulating material such as 
ceramic or resin may be arranged between the inner 
surface of the case 20 and the surface of the front 
part of the unit 24. For manufacturing the module 6 
as shown in Fig. 7, the ring-shaped spacer 54 is fitted 
at the front end of the die rod 42 as shown in Fig. 10. 
The unit 24 is clamped between this spacer 54 and the 
die rod 44, and the unit 24 is fitted with the spacer 54 
so that the optical axis of the lens segment 36 and 
the optoelectronic element 30 is aligned with the central 
axis of the die rod 42. According to this method, the 
unit 24 is clamped through the spacer 54 and the spacer 
54 remains inside the case 20. Therefore, even when 
the size of the unit 24 is made greater, the unit 24 may 
be correctly aligned by only preparing the spacer of 
a shape conforming to the front part of the unit 24. 
The outer diameter of the die rod 42 is determined by the 
outer diameter of the plug 14. Since the die rod 42 is 
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withdrawn after the molding, the front end of it may not 
be made larger. However, if the spacer 54 is used, the 
positioning of the unit 24 may be correctly accomplished 
while the size of the unit 24 may be made greater. If 
the size of the unit 24 may be made greater, the size 
of the frame 40 and the arrangement of the optoelectronic 
element 30 and the IC chip 32 inside the unit 24 may be 
more freely selected, so that the manufacture of the 
unit 24 is facilitated and mass production of it is also 
facilitated. 

In summary, according to the module of the present 
invention, the optoelectric element such as an LED or 
a photodiode and the peripheral circuits formed into an 
IC chip is embedded in a molded body or unit* The case 
is manufactured in correspondence with this molded body. 
Therefore, correct alignment may be achieved by simply 
connecting the fiber optic cable to the module through 
the connector. Since this manufacturing method is - 
suitable for mass production, the unit price of the 
module may be reduced. 
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1. A method for manufacturing a module for a fiber 
optic link, characterized by comprising the steps of: 

transfer molding a transparent first member (24) 
which has a predetermined shape, in which is embedded an 
optoelectronic element (30), and which is mounted on one 
of leads (26-1, 26-2, 26-3, 26-4, 26-5) extending 
outwardly therefrom; 

clamping said first member (24) between a pair of 
first dies (42, 44) of rod shape which have a common 
central axis and one of which defines an optical path (19) 
in the module, so that said optoelectronic element (30) 
of said first member (24) is positioned on said central 
axis ; 

injection molding a second member (20) by positioning 
said first member (24) clamped by said first dies (4 2, 44) 
in a cavity of second dies (46, 48) conforming to an 
outer shape of said second member (20) , and injecting a 
light-shielding molding material in said cavity (50) ; 
and 

removing said first and second dies (42, 44, 46, 48) 
and covering, with a light shielding cap (52), a hole of 
said second member (20) formed by the other of said 
first dies (48) . 

2. A method according to claim 1, characterized in 
that, in the step of injection molding said second 
member (20), part of said first member (24) is embedded 
in said second member (20) . 

3. A method according to claim 1, characterized in 
that, in the step of clamping said first member (24) , 
said first dies (42, 44) define a cavity conforming to 
an outer shape of said first member (20), and said first 
member (24) is housed in said cavity when said first 
member (24) is clamped; and, in the step of injection 
molding said second member (20) , part of said leads 
extending outward from said first member (24) is embedded 
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in said second member (20) so that said first member (24) 
is fixed to said second member (20) . 

4. A method according to claim 1, characterized in 
that, in the step of clamping said first member (24) , 

a spacer (54) is arranged between one of said first dies 
(42) and said first member (24) , and said first member 
(24) is clamped between said first dies (42 , 46) through 

said spacer (54) . 

5. A method according to claim 4, characterized in 
that, in the step of clamping said first member (24) , 
said first dies (42, 46) define a cavity conforming to 
an outershape of said first member (24) with said 
spacer (54) , and said first member (24) and said spacer 
(54) are housed in said cavity when said first member (24) 
and said space (54) are clamped; and, in the step of 
injection molding said second member (20) , part of said 
leads (26-1, 26-2, 26-3, 26-4, 26-5) extending outward 
from said first member (20) is embedded in said second 
member (24) , so that said first member (20) is fixed to 
said second member (24) . 

6. A method according to claim 1, characterized in 
that, said first member (24) has a lens segment (36) 
formed on an optical axis of said optoelectric element 
(30) . 

7. A method according to claim 1, characterized in 
that said second member (20) has a socket (18) to which 
is mounted a fiber cable connector (4) and which has a 
hole (19) formed by one of said first dies (42) and 
defining the optical path of the module. 

8. A method according to claim 1, characterized in 
that an inner diameter of said hole (19) is substantially 
equal to an outer diameter of a plug (14) of said fiber 
cable connector (4) . 
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FIG. 6 




W s 0053483 
FIG. 7 




28-2 



FIG. 9 



0053483 




JEuropalsches Patentamt 
European Patent Office 
Office europ6en des brevets 



® Publication number: 



O 053 483 

A3 



@ EUROPEAN PATENT APPLICATION 

© Application number: 81305591.0 © Int. CM: G 02 B 7/26 

@ Date of filing: 26.1 1.81 



Priority: 28.11.80 JP 166686/80 
28.11.80 JP 166687/80 



© Date of publication of application: 09.06.82 
Bulletin 82/23 



Designated Contracting States: DE FR GB 



Date of deferred publication of search 
report: 09.03.83 Bulletin 83/10 



@ Applicant: TOKYO SHIBAURA DENK1 KABUSHIKI 
KA1SHA, 72, Horikawa-cho Sarwal-ku, Kawaaaki-shl 
Kanagawe-ken 210 (JP) 



Inventor: Kataglri, Shuhel, 2-12-1-706, Mlnaml-Ool 
Shlnagawa-ku, Tokyo (JP) 

Inventor: Donuma, Kenlchl, 2-4-19, Hlgashlkoshlgaya 

Koshlgaya-shl, Sattama-ken (JP) 

Inventor: Ohashl, Makoto, 

110 Mtyazakldai-Greenhelghts 1-13-7, MfyazaM, 

Takatsu-ku Kawasakl-shi (JP) 



® Representative : Freed, Arthur Woolf at al, MARKS & 
CLERK 57-60 Lincoln's Inn Fields, London WC2A 3LS 
(GB) 



CO 

< 

CO 
00 

<t 

CO 
U> 

o 
o 

CL 

111 



@ Method for manufacturing a module for a fiber optic link. 

@ In a method for manufacturing a module for a fiber optic 
link, a plate-shaped transparent circuit unit (24) is molded 
in advance. The circuit module (24) is transfer molded 
together with an optoelectronic element (30) connected to 
leads (28-2). The circuit module (24) is clamped between a 
pair of rod-shaped first dies (42, 44) which have a common 
central axis and one of which defines an optical path of the 
module, In such a manner that the optoelectronic element 
(30) is located on a central axis of the circuit module (24). 
Under this condition, the circuit module (24) is housed in a 
cavity defined by a pair of second dies (46, 48). A light- 
shielding molding material Is injected into the cavity for 
injection molding to mold a case (20). After the case (20) is 
cured, the first and second dies (42, 44, 46, 48) are removed, 
and the hole of the case (20) formed by one of the first die 
(44) is closed with a cap to complete a receptacle. 
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